Introduction
The genus Actinomyces is a heterogeneous group of Grampositive bacteria, mainly anaerobic facultative or microaerophilic rods with various degrees of branching. Actinomyces species are frequently found as members of the normal microbiota in open cavities, especially the oropharynx, upper respiratory tract, gastrointestinal tract, and female genital tract. 1 Among the different species of Actinomyces identified, Actinomyces israelii is the most commonly encountered in clinical infections; other species can also produce infection in man, such as Actinomyces naeslundii, Actinomyces viscosus, and Actinomyces odontolyticus. 1 The clinical presentation varies according to the anatomical location. Classical features are cervicofacial cellulitis in patients with poor dental hygiene, 2 thoracic infections after esophageal lesion, 3, 4 abdominal infection after surgery or gastrointestinal perforation, 5 and pelvic infection favored by the presence of an intrauterine device (IUD). 1 Cases mimicking cancer are frequently reported because of the torpid presentation of the infection. Penicillin is the treatment of choice, and should be administered for a long duration (3-12 months), according to the anatomical location.
severely immunocompromised patients. In order to investigate this point, we analyzed the most severe cases of actinomycosis observed in three tertiary care hospitals and studied the relationship between immunosuppression and outcome.
Patients and methods
We recorded all cases of invasive actinomycosis diagnosed in three tertiary care and teaching hospitals in the Paris area (Beaujon hospital, 500 beds; Saint-Louis hospital, 700 beds; Saint Joseph hospital, 600 beds) that occurred over a 12-year period (January 1997 to March 2009).
Invasive actinomycosis was defined as a deep-seated infection with an identification of Actinomyces from the site of infection by microbiological and/or a pathological examination. A deep microbial sample growing Actinomyces spp was required. Identification to the species level was done using morphological and biochemical characteristics, and when needed by sequencing methods. A biopsy leading to a pathological diagnosis of actinomycosis was considered; the presence of actinomycotic granules in exudates or in histological sections of tissue was highly indicative of actinomycosis.
All adult patients with reliable medical charts and meeting these criteria were included. Outpatients or patients with incomplete medical records, and patients with samples growing Actinomyces sp without a related focus of infection or with a superficial infection were excluded ( Figure 1 ).
For each patient, demographic characteristics, underlying diseases, clinical and radiological manifestations, microbiological results, and treatment and outcome data were collected retrospectively and reviewed.
Statistical analyses were done with Epi Info 3.5.1. Means were compared with a Mann-Whitney test. Qualitative variables were compared with a Fisher's exact test.
Results

Study patients
As shown in Figure 1 , 97 patients were screened for actinomycosis by pathology or bacteriology. Data were missing for 30 of them (mostly outpatients). Of the remaining 67 medical records that were examined, the clinician did not retain the diagnosis of infection due to actinomycosis in 19. These cases were systematic cultures of vaginal tract samples from the gynecology ward, or of bronchoalveolar lavage samples from pulmonary transplanted patients.
Forty-eight patients met the criteria for actinomycosis, but 15 were considered to have focal and superficial infections and were finally excluded. The remaining 33 patients were considered to have an invasive actinomycosis and represented the study population (Table 1) .
General condition and presentation
The median age at presentation was 47 years. Seventeen patients were female. Twenty patients (61%) had at least one severe underlying condition and were considered as immunocompromised: seven had solid cancer, six were receiving immunosuppressive treatments, five had uncontrolled diabetes mellitus, five had a hematological malignancy, four had an autoimmune disease, two were bone marrow transplant recipients, and one had an HIV infection with a CD4 count of <200 cells/mm 3 ( Table 1) . Local trauma was reported in six patients (including previous surgery in three); an IUD was reported in five of the 17 patients with abdominal actinomycosis. Twenty-six patients (79%) had fever and 15 (45%) had lost weight. Focal symptoms varied according to the anatomical location of the infection. Figure 1 . Screening of the patients with invasive actinomycosis.
Presentation according to anatomical location
An abdomino-pelvic location was the most frequent (n = 17). Fifteen patients had peritonitis or abdominal abscesses: two had hepatic abscess, one had splenic abscess, two had postoperative collections, four had peritonitis (including two postoperative peritonitis, one hepatic abscess, and one pelvic abscess), three had appendicitis, one had retroperitoneal abscess, one had infected pancreatic necrosis after acute pancreatitis, and one had abscessed signoiditis. Two cases of pelvic infection in women presented as pseudotumor. Both cases had an IUD and no gynecological follow-up.
Thoracic actinomycosis was recorded in 11 patients. Most cases presented as organized pneumonia (8/11) ; the other patients had infection of a previous post-surgical cavity (1/11), sternal osteitis after radiotherapy (1/11), and pyopneumothorax (1/11). The two patients with central nervous system involvement had brain abscesses. Among three patients with cervical and oral actinomycosis, one had cervicofacial cellulitis, one had cervical postoperative abscess, and one had infected palatal necrosis.
Diagnosis
Microbiological examination of samples was performed in all but one patient. The samples grew Actinomyces in 26 cases (81%). Pathological examination of samples was performed in 18 patients. For eight of them (44%) the diagnosis of actinomycosis was retained. Both procedures were positive in only one patient.
Microbiology
Actinomyces identification was available in 26 patients (Table 2) . Actinomyces meyeri and A. odontolyticus were the most frequent species. In three cases, identification to the species level was not done by standard methods. The results of susceptibility testing are shown in Table 2 . All isolates were susceptible to amoxicillin, imipenem, vancomycin, rifampin, and tetracycline. Twenty-six (79%) patients had polymicrobial infections.
Treatment
All patients received effective empiric and definite antibiotic therapy with a beta-lactam (Table 3) . Amoxicillin associated or not with clavulanic acid was administered in 91% of patients who received antibiotics for more than 48 h. The mean duration of antibiotic use was 105 days, with a median of 82 days. The range of antibiotic treatment duration was very wide, from 2 to 547 days. Three patients were treated for less than 10 days: the first died 2 days after the start of treatment due to cerebral hypertension, the second underwent a surgical resection of a thoracic actinomycosis revealed by a massive hemoptysis, and the third had appendicitis. At the other extreme, three patients were treated for more than 6 months: one had a liver abscess, one had pneumonia with leukemia, and one had hepatic and pelvic abscess with compression of the urinary tract.
Twenty (61%) patients underwent surgery (Table 4) . Thirteen among 17 patients with abdominal actinomycosis (76%) had surgery: five had peritonitis at onset, two had an occlusive syndrome, one had compression of the urinary tract, one had a voluminous retroperitoneal abscess, one had septic shock, and three failed therapy despite adequate medical treatment combined in two cases with radiological drainage. All four patients with abdominal actinomycosis who did not undergo surgery received medical treatment combined with computed tomography-guided drainage.
The mean duration of antibiotic treatment was not significantly different in patients who underwent surgery compared to those who did not (84 days vs. 136 days, p = 0.23). 
Outcome
The median follow-up was 199 days (range 2-3832 days). The overall mortality at hospital discharge was 21% (7/33). All deaths occurred among immunocompromised patients (7/20 deaths in immunocompromised vs. 0/13 in non-immunocompromised patients, p = 0.027) ( Table 5) . Twenty-eight patients (85%) were considered cured of infection by clinicians because of the absence of relapse after the end of antibiotic treatment. Two of these 28 patients died from their underlying diseases (chronic respiratory failure and lung cancer) after they had completed treatment. The five other patients died before the end of antibiotic treatment and were thus considered as failure. However, only one death (1/5) was directly related to actinomycosis, in a patient with a voluminous brain abscess with cerebral hypertension who died 2 days after the commencement of antibiotics. The last four (4/5) patients died from the evolution of underlying cancer or hematological malignancy. Overall, 26/33 (79%) patients were cured of infection and alive at hospital discharge.
Discussion
We have described 33 patients with different locations of invasive actinomycosis who were diagnosed and treated during a recent period. We excluded superficial actinomycosis, such as cutaneous abscess, for which the outcome was expected to be good with a short course of antibiotics associated or not with minimal surgery.
So far, the largest original clinical series reported at best 25 patients in 12 years (Table 6 ). Males have tended to be more affected than females, 1,4,6 a feature that was not confirmed in our study, in which the sex ratio was 1:1. This discordance may be explained by poor dental hygiene and more local trauma in males in earlier years. Poor dental hygiene was involved in only four of our patients. Improvements in oral and dental hygiene are also linked to the decrease in number of cervicofacial actinomycosis. Cervicofacial actinomycosis affected only 9% of our patients, whereas it represented up to 55% of cases in historic series. 3 This trend has already been noted by Pulverer et al. 2 The two German reference laboratories received 1218 clinical specimens responsible for cervicofacial actinomycosis between 1972 and 1984 (12 years) and only 778 between 1985 and 1998 (13 years). In addition, the majority of our patients were immunocompromised due to the extensive use of chemotherapy for cancer and hematological malignancy. Because of improved dental hygiene on the one hand and increased proportions of immunocompromised patients on the other, actinomycosis is becoming an opportunistic infection of the immunocompromised in our tertiary care setting. Chronic respiratory insufficiency 1 0
The presentation in our study was also different from classical features. Most authors [7] [8] [9] [10] have reported actinomycosis mimicking cancer with a slow evolution, while an infectious and more acute presentation has been less common. 5 In contrast, infectious presentations were most frequent in our study: most of our patients had fever regardless of the location of the actinomycosis. The study patients were therefore suspected of having an infectious process (pneumonia, abdominal abscess, etc.) according to the location of the process. Abdominal involvement accounted for half of the cases. Previous descriptions have reported cases of women who had had an IUD for a long time and who developed an abdominal mass suggestive of gynecological cancer. Only two of our patients had such a pseudotumoral form; both had an IUD and none had attended gynecological follow-up. Peritonitis or peritoneal abscess was in fact the most frequent presentation in our patients with abdominal involvement. In a recent study Choi et al. 11 reported 22 cases with abdominal actinomycosis; 11 presented as an infectious process (two diverticulitis, five tubo-ovarian abscess, three appendicitis, and one pelvic abscess). All our patients with thoracic involvement had infectious presentations. Various radiological features have been reported. All patients in the study by Poey et al. 12 had alveolar condensation, which was excavated in two of nine patients. Hsieh et al. 13 described a mass in five patients, pneumonia in four patients, abscess in four patients, and empyema in two patients. For Baik et al., 3 a mass, nodules, and alveolar condensation were the most frequent features. Our results are similar, with alveolar condensation (with or without excavation) found in 73% of the patients.
Complications of thoracic actinomycosis were less frequent in our series, with only one pyopneumothorax and one hemoptysis, which have previously been reported to be very frequent by Baik et al. 3 (72%) and Hsieh et al. 13 (43%).
In the majority of cases Actinomyces were isolated in combination with other bacteria (79% of our patients had polymicrobial infections). In our series, the first three species were A. meyeri, A. odontolyticus, and A. naeslundii. There was no link between species and anatomical location.
Susceptibility of Actinomyces to beta-lactams is the rule, with the exception of rare cases; Metgud et al.
14 reported a case of cutaneous actinomycosis due to A. viscosus that was resistant to penicillin and treated with co-trimoxazole. Smith et al. 15 described susceptibility of six different Actinomyces (A. israelii, A. gerencseriae, A. turicensis, A. funkei, A. graevenitzii, and A. europaeus) to 12 antibiotics. All were sensitive to penicillin and amoxicillin. A decreased susceptibility to piperacillin/tazobactam has been noted for some A. turicensis, A. funkei, and A. europaeus, and to erythromycin for some A. europaeus and A. turicensis strains. All isolates were resistant to ciprofloxacin. Our findings were similar: all isolates were fully susceptible to amoxicillin, piperacillin, and imipenem. Ninety-two percent of isolates were susceptible to erythromycin and the majority were resistant to fluoroquinolones. In spite of the fact that sulfonamides, 16 with penicillin, were the first effective treatment described for actinomycosis, co-trimoxazole has rarely been tested. Ninety-one percent of our patients were treated with amoxicillin alone or in combination with clavulanic acid. Many authors including Russo 1 state that it is necessary to treat this disease with high doses of penicillin and for a prolonged period of time. Russo proposed 18-24 million units of penicillin intravenously for 2 to 6 weeks followed by oral therapy with amoxicillin (500 mg four times a day) for 6-12 months. This compliant treatment with high doses of antibiotic and for a long time was based on the description of relapse or failure in older studies. 6 In less extensive cases, less aggressive therapy might be required. Many authors have reported cases cured with a shorter duration of antibiotic therapy. 4 reported two cases of actinomycosis treated successfully with 9 days and 8 weeks, respectively, of antibiotics; the first patient had 9 days of antibiotics for cervicofacial cellulitis and the second had 8 weeks of penicillin for actinomycosis of the esophagus. In our study, patients were treated for a median of 82 days and 28/33 (85%) patients were cured of their infection; 26 were cured and alive at hospital discharge. No relapse was observed. In fact, in only one case was clinical failure related to uncontrolled infection due to a brain abscess. Our results are in agreement with those reported by Choi et al. 26 and Sudhakar and Ross 17 and indicate that a shorter course of antibiotics is a possible option depending on the anatomical location, inoculum size, immunosuppression, and clinical evolution under therapy. Despite heterogeneous clinical presentations, the prognosis was clearly related to underlying diseases, as six of seven deaths were not directly related to infection. However, the occurrence of an invasive actinomycosis in an immunocompromised patient should certainly be considered as a surrogate marker of a poor prognosis. Therefore, the severity of underlying disease rather than the duration of antibiotic therapy appears to be a key determinant of clinical cure.
Limitations of this series are the usual biases of retrospective studies. In particular, there was a selection bias towards more severe cases in the frailest patients due to the tertiary care recruitment. However, analysis of the outcome in this population can more easily be extrapolated than results obtained in less invasive cases and immunocompetent patients.
In conclusion, our study showed that immunosuppression was clearly associated with a more lethal outcome. This study also confirmed that surgery or drainage is part of the treatment and that a short course of antibiotic therapy, depending on the clinical presentation and outcome, might be considered. Amoxicillin remains the antibiotic of choice unless a polymicrobial infection is documented and requires a wider antibacterial spectrum.
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